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Michail Galanopoulosc, Christos Liatsosa, Nikolaos Kyriakosa, Marios Giakoumisa, Michail Papadomichelakisa,
Stergios A. Polyzose, Georgios Kotronisf and Panagiotis Katsinelosd
Introduction Irritable bowel syndrome (IBS) is one of the gut–brain axis interaction disorders. It has global distribution with
varying prevalence and particular financial and psychological consequences. IBS has been associated with stress and anxiety,
conditions that are usually prevalent in the army. There are scarce data investigating the impact of IBS on noncombat active duty
military without reports of Greek military or stress in the occupational environment.
Materials and methods The main exclusion criteria in our noncombat military multicenter prospective survey were
gastrointestinal pathologies, malignancies, hematochezia, recent infections and antibiotics prescription, and pregnancy.
Questionnaires included a synthesis of baseline information, lifestyle, and diet, psychological and stress-investigating scales and
the IBS diagnosis checklist. Hospital Anxiety and Depression Scale and Rome IV criteria were utilized.
Results Among 1605 participants included finally, the prevalence of IBS was 8% and 131 cases were identified. Women were
more vulnerable to IBS, although male sex was prevalent at a ratio of 3.5 : 1 (male : female) in the entire sample. The mean age of
all participants was 23.85 years; most of the IBS patients were older than thirty. Abnormal anxiety scores and high levels of
occupational stress were related to an IBS diagnosis.
Discussion This prospective multicenter survey showed, for the first time, the potential impact of occupational stress on IBS in
active duty noncombat Greek Military personnel. The diagnosis of IBS by questionnaire is a quick, affordable way that can
upgrade, by its management, the quality of life and relieve from the military burden. Our results are comparable with previous
studies, although large-scale epidemiological studies are required for the confirmation of a possible causative relationship. Eur J
Gastroenterol Hepatol 31:954–963
Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
Introduction
Irritable bowel syndrome (IBS) is one of the most frequent
functional gastrointestinal (GI) disorders in clinical prac-
tice, defined by the presence of chronic or recurrent
abdominal pain associated with altered bowel habits
(constipation, diarrhea, or both) [1,2]. The updated Rome
IV criteria are widely considered the gold-standard
symptom-based diagnostic tool [3]. Its prevalence in the
general population worldwide is 12% [4]; similarly, its
prevalence in Greece is also reported to be about 13–15%
[5,6].
IBS is considered one of the main forms of the so-called
disorders of the gut–brain axis (G–BA) interaction [7],
formerly also known as functional GI disorders [8–10].
Accumulating evidence has shown an interrelationship
between the hypothalamic–pituitary–adrenal axis, gut-
associated immune tissues, and the enteric nervous sys-
tem under stress [11]. IBS appears to be a multifactorial
disorder comprising visceral hypersensitivity, dysmotility
of alimentary tract in the absence of any organic etiology,
neuroendocrine dysfunction, psychological morbidity,
genetics and epigenetics, dysbiosis, diet, and immune sys-
tem activation [12]. Psychological concerns such as stress
play an important role in the onset of IBS [13]. Specifically,
its psychosocial and worldwide financial burden increases
substantially as IBS ranks as one of the most common
causes of admission to gastroenterology clinics as well as
the most commonly diagnosed GI pathology [14].
IBS frequently overlaps with psychiatric disorders, most
commonly with anxiety [14–19], depression [9,18–20], and
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post-traumatic stress [17,21,22]. In addition, occupational
stress has been recognized as a major component of daily life.
Stress is defined as ‘a response of the organism to various
stimuli, positive or negative, real or perceived‘ and occupa-
tional stress or stress at work is ‘a result of an imbalance
between demands and the ability to satisfy them’ [23].
Moreover, postinfection IBS has been reported by epide-
miology studies carried out in various geographic and clinical
settings [24]. In this respect, IBS can be considered a ‘stress
disorder’ [25] and has been studied from diverse perspectives
at almost all levels of the gut–brain–microbiome axis [26];
altered fecal and mucosal microbial composition in patients
with postinfection IBS correlates with psychological distress
[27] and gut microbiota correlate with psychological and
clinical characteristics in IBS, comprising stress, anxiety, and
depression [26].
Specifically focusing on the military setting, the crucial
impact of occupational stress on different army Corps
[28–31] as well as in relevant occupations, such as security
forces [32–34], is well documented. A recent review
underlines the importance of nondeployment occupational
stressors in the military environment, thereby strengthen-
ing the hypothesis that they could increase the risk of IBS
[35]. Military personnel are occasionally affected by
stressful environments, especially during combat training,
and are frequently exposed to unfavorable conditions such
as extreme weather or long-term separation from their
families. Moreover, infectious diarrhea is relatively com-
mon among soldiers who have to move to different bar-
racks or even travel to regions of the world with high
travelers’ diarrhea rates without rigorous hygiene regimes
[8,15,21,36,37].
Only limited epidemiological publications have studied
the above-mentioned association among military person-
nel [8–10,15,21,36–39], particularly on non-developed
military forces. In Europe, armed forces of the UK repre-
sent the only population that has been studied during
deployment to the Iraq war [21]. Importantly, none of the
previously published relevant studies were based on the
updated Rome IV criteria [40] to diagnose IBS. Besides, to
our knowledge, a correlation between IBS and occupa-
tional stress in armed forces has never been evaluated
before.
The aim of this prospective multicenter study was to
investigate the potential impact mainly of occupational
stress and other relative predisposing factors on IBS in
active duty Greek noncombat military centers.
Materials and methods
Study design – sample population
This prospective multicenter survey was conducted from
January to November 2017 after approval by the institu-
tional review board for medical research of Greek armed
forces (protocol number: 040/3/781590). The study was
carried out in 15 military centers nationwide. Among these
15 centers, two were Military Academies, six were
domains’ Application Schools (infantry, armored, artillery,
communications, sanitary, finances), one was a Military
Hospital, five Units along the borders and, as 15th, the
Hellenic Army General Staff.
The sample size initially consisted of 1800 participants,
who were recruited to the Armed Forces at least 9 months
ago. Participants were enrolled in this study after provid-
ing full informed consent. To achieve satisfactory statis-
tical power and interpretability in our study sample, we
calculated the least number of study participants needed
using a well-established sample formula [41,42]; the
minimum number was found to be 1156 participants who
had completed a baseline survey. For the purposes of cal-
culation, the already known median prevalence of 14% for
Greek population [5,6] was used to achieve an IBS pre-
valence precision of ± 2% with a 95% confidence interval.
A response rate of 70% was postulated. All the partici-
pants participated voluntarily and were unidentifiable.
Informative material was provided about the purpose of
this survey, stating clearly that there were neither potential
linked risks nor any penalty or loss of benefits if candidates
chose not to participate in this research study or to with-
draw (Supplementary File 1, Supplemental digital content
1, http://links.lww.com/EJGH/A412). The latter form
served additionally as an obtained informed consent, given
that the participants returned a fully completed anon-
ymous questionnaire on a voluntary basis.
Exclusion criteria were incomplete answered ques-
tionnaires, which were a priori discarded. Specific ques-
tions clarified biases such as history of malignancy,
hematochezia, or IBD; suspicion of rest organic GI
pathology; acute infection that required treatment with
antibiotics; and laxative abuse. Pregnant and females that
whelped at least 36 weeks before, were excluded auto-
matically from the study as they were out of duty.
Moreover, significant psychiatric disorders such as schi-
zophrenia had already been screened during the recruit-
ment phase in the Greek army and all of these individuals
were obviously excluded from the military personnel. It is
noteworthy that according to the Greek military regula-
tion, all soldiers are obliged to undergo annual clinical and
laboratory evaluations. Therefore, this ‘triaging’ excluded
major comorbidities and served as an additional filter,
thereby having further enhanced the quality of our series
by removing many potential cofounders. Finally, enlisted
soldiers were not included because the time of service is too
short in our country to evaluate the development of IBS.
All eligible questionnaires were coded and tabulated.
The database was stored on a secure server that contained
no personal identifiers. All of the variables, except for age
and occupational stress score, were qualitative (categorical
or ordinal). Periodic monitoring has been performed to
review the data for completeness and adherence to pro-
tocol. Participants who did not complete the survey were
also excluded. There was no attempted alternative means
of contacting the participants other than those described
below (e.g. distributing questionnaires per e-mail or post).
There was also no reminder or second phase for military
centers with low response rates.
Data collection – questionnaire
The essential data required for the study were collected by a
self-report questionnaire (Supplementary File 2, Supplemental
digital content 2, http://links.lww.com/EJGH/A413). The
questionnaire was written originally in Modern Greek
and consisted of four main parts: baseline information,
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lifestyle and diet questions, psychological and stress-related
scale, occupational stress assessment, and IBS diagnosis. No
descriptive-open questions were included. All questionnaires
were distributed only once during occupational hours in each
military center after obtaining special permission. The time
required for completion was about 10–15min.
The first part of the questionnaire included personal as
well as sociodemographic information, such as age, sex,
military rank-specialty, and marital status.
In the second part, smoking, the presence of chronic dis-
eases, eating disorders, frequency of exercise as well as
sleeping duration were investigated. According to the
recommendations of the National Sleep Foundation [43] and
the American Academy of SleepMedicine [44], adults require
7–9 h of sleep (young adults verge on the upper limits) to
maintain optimal health. As the population of this study
included mostly younger participants, the cut-off value of
sleep time was set to the median duration of 8 h. Participants’
nutritional status was also assessed using the most common
adiposity index, BMI, as follows: normal (<25 kg/m2),
overweight (25–30 kg/m2), and obese (>30 kg/m2). In addi-
tion, a Food Frequency Questionnaire was introduced, in
order the hebdomadal consumption of meat, dairy, vegetables/
legumes and alcohol to be estimated. Similarly, the method of
food preparation was inquired.
To evaluate and detect possible occupational stress or
anxiety indices, a further questionnaire composed of seven
questions (Supplementary File 2, Supplemental digital
content 2, http://links.lww.com/EJGH/A413) was used.
Questions were based on relevant data that evaluated the
impact of occupational stress on similar study populations
[34,45,46] and the associated psychosocial parameters
with the onset of IBS [35,47]. This original addition
included questions on nondeployment stressors, such as
the participant’s military responsibilities, frequent assign-
ments, financial emoluments, and other relevant condi-
tions in a military environment. The grading of the
answers was based on a Likert-type scale [48] ranging
from 1 to 5, ranging from less to more important,
respectively. The total score, on aggregation of individual
answers’ grading, ranged between 7 and 35.
Furthermore, an uncomplicated and well-established
method for screening depression and anxiety was used; the
Hospital Anxiety and Depression Scale (HADS) [49] is a
widely known self-reporting questionnaire composed of 14
questions on anxiety and depression. Depending on the
overall score of each participant, it was classified as fol-
lows: normal (scoring 0–7), borderline abnormal (scoring
8–10, interpreted as borderline, doubtful case), or abnor-
mal (scoring 11–21, interpreted as a definitive case)
separately for anxiety and depression. The aforementioned
cut-off score of at least 8 has been validated by many
relative studies with a satisfactory sensitivity and specifi-
city (averagely 0.8) for both anxiety and depression
[49–53].
To establish the diagnosis of IBS, the new revised Rome
IV criteria, the gold standard of symptom-based diagnosis,
have been utilized (Table 1) [40,54]. The specificity and
sensitivity of Rome IV criteria for IBS were evaluated to be
97.1 and 62.7%, respectively [55]. A further classification
of IBS included the following subtypes: IBS with pre-
dominant diarrhea, IBS with predominant constipation,
irritable bowel syndrome with mixed bowel habits
(IBS-M), and IBS unclassified [7,40,56], although these are
no longer considered (since Rome IV) distinct disorders.
Statistical analysis
Data analysis was carried out using the statistical package
for the social sciences software for Windows (SPSS statistics
25, PC version, IBM Corp., Armonk, New York, USA).
Descriptive statistics were calculated to delineate the
baseline characteristics of our sample. Pearson’s χ2-test or
Fisher’s exact tests were performed to check the correla-
tion not only among the independent variables but also
between the independent and the dependent variables.
Logarithmic regression models were used to control the
factors that may influence the results. Binary logistic
regression analyses included several independent variables
that have been proposed in the literature to affect IBS and
occupational stress as a novel burdening factor. The
Hosmer and Lemeshow test confirmed the goodness of fit
of our model to the variables. Significance was set at P
value less than 0.05 (two-tailed).
Results
Demographic, social, lifestyle, and military characteristics
of the Greek military population
Of the total of 1800 participants who were included
initially, 137 refused to participate in this study. The
remaining 1663 participants completed the questionnaires,
thereby providing their consent to participation. The
response rate was ∼92%. Thirty-five participants were
also excluded from the study because of incompletely
answered questionnaires and 23 additional participants
fulfilled the exclusion criteria. Therefore, finally, in total,
1605 valid questionnaires were processed by statistical
analysis (Fig. 1).
Unsurprisingly, men were 3.5 times more than women
(1253 men to 352 women) and the mean age was
23.86 years (ranging from 17 to 53 years old). The
majority of participants had a normal body weight, with a
BMI ranging from 19 to 36 kg/m2. In terms of marital
status, most of the participants were single (84.7%,
n=1360) and nine were divorced.
The majority of answered questionnaires were obtained
from students of Military Academies (59.2%, n=950),
whereas only 36 participants were senior officers. Besides
Military Academy students, the remaining categories
included combatant-trained (in peacetime) soldiers and
staff in Logistics. Most of Logistics members belonged to
Sanitary, being 18.6% (n=298) of all participants and
scientifically more qualified. The demographic, social, and
Table 1. Diagnostic criteria for irritable bowel syndrome on the basis of
Rome foundation [54]
Rome IV (Current, published in May 2016)
Recurrent abdominal pain on average≥1 day/week in the last 3 months,
associated with two or more of the following criteria:
1. Related to defecation
2. Associated with a change in the frequency of stool
3. Associated with a change in the form (appearance) of stool
Criteria fulfillment for the last 3 months with symptom onset≥6 months before
diagnosis
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military associated characteristics are summarized in
Table 2.
Table 3 shows participants’ lifestyle characteristics in
detail. The majority of them (92.2%, n=1480) did not
have any chronic disease and the remaining participants
presented with nondisabling comorbidities (e.g. hypo-
thyroidism). In terms of the smoking habit, less than one-
third currently smoked or had a history of smoking.
Moreover, 90% (n=1484) of the participants exhibited
physical exercise systematically, whereas only one-seventh
of the enrolled staff certified a sleep duration more than
8 h.
Spectrum of irritable bowel syndrome in the Greek
military population and correlation to the parameters
studied
Finally, 131 participants fulfilled the Rome IV diagnostic
criteria for IBS. The calculated prevalence among indivi-
duals of Hellenic armed forces was ∼8%. Interestingly,
only seven of them consulted a gastroenterologist for their
complaints. In terms of the four predefined IBS subtypes,
the IBS-M type was the predominant one (54.2%, n=71)
(Fig. 2). In addition, more than one-fifth suffered from IBS-
diarrhea type and only nine participants reported unde-
fined symptoms.
IBS was found to be more common among Warrant
Officers (18.2% of them, n=6). Sanitary soldiers were
more susceptible than the soldiers of the rest of the army
Corps, albeit without statistical significance. A hundred
percent more women than men (P=0.004) were found to
suffer from IBS after using a model adjusting for many
factors (Table 4). Participants between 30 and 39 years of
age were significantly more susceptible to IBS (P=0.041),
whereas none of the soldiers older than 49 years of age
suffered from IBS. Marital status did not affect the devel-
opment of IBS.
The lifestyle variables did not contribute significantly to
the occurrence of IBS. Nevertheless, one of the Food
Frequency Questionnaire-included food groups, vegetables
and legumes, showed a negative association with IBS. This
finding was statistically significant (P=0.02). In contrast,
Fig. 1. Selection algorithm for the participants of the Greek IBS study along with the primary outcomes. HADS-A, hospital anxiety depression scale (anxiety
variant); IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; UC, ulcerative colitis.
Table 2. Demographic, social, and military associated characteristics
Variables Values Frequency Percentage
Sex
Male 1253 78
Female 352 22
Age
<22 850 53
22–29 474 29.5
30–39 205 12.8
40–49 69 4.3
>50 7 0.4
Specialty
Combatant soldiers 280 17.4
Students 950 59.2
Logistics 375 23.4
Sanitarya 298 18.6
Rank
Students 950 59.2
Noncommissioned officersb 95 5.9
Warrant officer 33 2.1
Lower officersc 491 30.6
Senior officersd 36 2.2
BMI
Normal 1173 73.1
Overweight 404 25.2
Obese 28 1.7
Marital status
Married 236 14.7
Single 1360 84.7
Divorced 9 0.5
aSanitary is a subset of Logistics that includes medical officers, veterinarians,
nurses, etc.
bNon-commissioned officers: 1. Master Sergeant; 2. Staff sergeant; 3. Sergeant;
4. Corporal; 5. Lance Corporal.
cLower officers: 1. Captain; 2. First Lieutenant; 3. Second Lieutenant.
dSenior officers: 1. Colonel; 2. Lieutenant Colonel; 3. Major.
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participants who did not use to consume these victuals at
least once a week were at risk for development of IBS. This
likelihood was as high as 71% (P=0.024).
In the HADS questionnaire data, participants who were
borderline abnormal (anxiety subtype) were 58% more
prone to develop IBS than the normal ones (P=0.05).
Moreover, participants with abnormal hospital anxiety
depression scale anxiety variant levels showed almost 2.5
times higher risk for IBS occurrence, which was found to
be highly statistically significant (P= 0.006). The results
indicative for depression, however, were not found to be
relative to IBS risk. The model used showed an association
between G–BA interaction and overall occupational stress;
for each unit of increase in the overall occupational stress
scale score (minimum= 7), the relative possibility for IBS
development increased by 5.6% (P= 0.03, Fig. 3). The
most substantial results of this study are shown in Fig. 4.
Discussion
Our prospective multicenter study investigated the poten-
tial impact of various parameters, including occupational
stress, on IBS in active duty Greek noncombat military
participants, using the Rome IV criteria [40] as the gold-
standard diagnostic tool. Another innovation of our series
was the investigated utilization of occupational stress as a
key component for the onset of IBS in the mentioned
peacetime, contrary to the majority of rest publications
studied military populations, who were deployed at a
combat field. Thus, we considered our participants to be a
more representative sample, that reflected the mean army
life in most western countries in peacetime, where daily
occupational stress, rather than combat, dominated.
As expected, the Greek military population studied was
characterized by a predominance of male participants, a
result that is in accordance with other international studies
of military populations [9,10,21]. In terms of the mean age
and BMI of our sample, relevant publications reported
similar results [8,10], whereas the only UK study [21] did
not report participants’ mean BMI; a US military study [9]
reported clearly older age and higher BMI values.
Concerning subjects’ military hierarchy, students of
Military Academies, experiencing routine hard training,
were enrolled in our survey. The rest, 40.2%, of the par-
ticipants were commissioned and noncommissioned offi-
cers, making our sample more balanced than in other
studies [8,9]. In terms of the occupational specialty, sol-
diers in Logistics were slightly more than Combat staff;
this gap was large in both USA and UK studies [9,21].
In addition, we found that only one-third of Greek
military personnel included ex-smokers and current smo-
kers, a proportion clearly lower than that in other relevant
military studies [9,21]. Relative data indicate that smoking
does not influence the prevalence of IBS [57].
Interestingly, about 90% of our participants exercised
regularly and 92.2% of them were free of chronic diseases.
In this respect, recent data indicate that a low-intensity to
moderate-intensity exercise training program decreases the
symptoms in IBS associated with a reversal of the ratio of
anti-inflammatory to proinflammatory cytokines and
facilitates blood redox homeostasis, thereby signifying
an immune-modulating and redox-modulating function
for exercise training [58]; augmented physical activity
improves GI symptoms in IBS patients and physical
activity could be introduced as a primary therapy modality
in IBS [57]. However, only the minority of our participants
experienced at least 8 h of sleep. In this respect, the pre-
valence of sleep disorders among IBS patients varies from
7.1 to 73.9% and sleep disturbances could be associated
with more GI symptom severity [59]; individuals with
adequate sleep are less likely to have IBS than individuals
with sleep disturbance [57]. Therefore, the absence of
adequate sleep observed in the majority our study popu-
lation might explain, at least partly, the psychological
distress symptoms in our participants.
There were no available data from IBS military studies
of such parameters for direct comparison. However, the
observed promising results of our study population could
be easily explained by numerous factors: our population
included rather young participants who were manifold and
regularly controlled under the auspices of Hellenic armed
forces for physical and mental disorders. Similarly, we
hypothesized that the majority of them are self-motivated
to follow a healthy lifestyle. Besides, the tactfully chosen
exclusion criteria minimized the risk of cofounders.
Remarkably, the absence of participants with pregnancy
or malignancy could be attributed to the solicitousness of
Table 3. Lifestyle parameters
Variables Values Frequency Percentage
Chronic disease
No 1480 92.2
Yes 125 7.8
Smoking
No 1141 71.1
Yes/previously 464 28.9
Weekly alcohol consumption
Never 303 18.9
1–3 days 724 45.1
4–7 days 578 36
Exercise
Never 131 8.2
1–3 days 668 41.6
4–7 days 806 50.2
Sleep duration
<8 h 1375 85.7
≥8 h 230 14.3
Fig. 2. IBS subtype frequencies calculated in percentages in the Greek
Army. IBS-C, irritable bowel syndrome with predominant constipation;
IBS-D, irritable bowel syndrome with predominant diarrhea; IBS-M: irritable
bowel syndrome with mixed bowel habits; IBS-U, irritable bowel syndrome
unclassified; IBS, irritable bowel syndrome.
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Greek army to exclude such specific conditions from the
active population.
It is important to note that the response rate of our
questionnaire reached a satisfactory percentage of 92%.
This relatively high rate might be attributed to the great
feeling of mutual collegiality and solidarity that char-
acterizes Greek military personnel. Another plausible rea-
son could be the participation of many aforementioned
educated participants, who realized the importance and
impact of such study.
The estimated prevalence of IBS in our Greek military
survey was 8%, a percentage considerably lower than the
ones reported previously (13–15%) by non-military Greek
IBS data [5,6]. The discrepancy and variation were even
greater (4–33.5%) when the international prevalence of
military IBS studies was taken into account [8,39]. This
phenomenon could be interpreted on the basis of the fol-
lowing considerations: Rome IV diagnostic criteria were
not used in the previously discussed studies and the elim-
ination of the vague term ‘abdominal discomfort’ as well
as the replacement of the word ‘improvement’ ‘related’ to
defecation could potentially contribute to a more precise
diagnosis. Moreover, genetic, cultural, geographical dif-
ferences and the implication of another nature of military
Table 4. Results of effects of sociodemographic, lifestyle, and psychosocial factors on irritable bowel syndrome among Greek military personnel
95% CI
Variables IBS [n (%)] No IBS [n (%)] χ2 P OR Lower Upper
Sex
Female 47 (13.4) 305 (86.6) – – – – –
Male 84 (6.7) 1169 (93.3) 10.06 0.002* 0.53 0.358 0.785
Age (years)
<22 59 (6.9) 791 (93.1) 1.318 0.251 0.765 0.485 1.208
22–29 37 (7.8) 437 (92.2) 10.643 0.031*
30–39 26 (12.7) 179 (87.3) 4.16 0.041* 1.762 1.022 3.038
40–49 9 (13) 60 (87) 0.9 0.343 1.477 0.66 3.307
>49 0 (0) 7 (100) 0 0.999 0 0
Specialty
Sanitary 34 (11.4) 264 (88.6) 0.329 0.954 – – –
Combatant soldiers 22 (7.9) 258 (92.1) 0.28 0.597 0.846 0.455 1.573
Students 67 (7.1) 883 (92.9) 0.002 0.962 0.978 0.399 2.401
Logisticsa 8 (10.4) 69 (89.6) 0 0.987 1.007 0.429 2.364
Rank
Students 67 (7.1) 883 (92.9) 1.932 0.748 – – –
Noncommissioned officers 10 (10.5) 85 (89.5) 0.504 0.478 1.319 0.614 2.832
Warrant officer 6 (18.2) 27 (81.8) 1.383 0.24 1.891 0.654 5.466
Lower officers 44 (9) 447 (91) 0.033 0.855 1.047 0.64 1.714
Senior officers 4 (11.1) 32 (88.9) 0.001 0.97 0.976 0.284 3.353
BMI
Normal 94 (8) 1079 (92) 0.52 0.771 – – –
Overweight 33 (8.2) 371 (91.8) 0.223 0.647 0.902 0.587 7386
Obese 4 (14.3) 24 (85.7) 0.214 0.643 1309 0,419 4094
Marital status
Married 30 (12.7) 206 (87.3) 2.064 0.356 – – –
Single 100 (7.4) 1260 (92.6) 2.06 0.151 0.653 0.365 1.169
Divorced 1 (11.1) 8 (88.9) 0.03 0.863 0.828 0.097 7.041
Smoking
No 91 (8) 1050 (92) – – – – –
Yes/previously 40 (8.6) 424 (91.4) 0.002 0.962 1.01 0.671 1.52
Weekly alcohol consumption
Never 25 (8.3) 278 (91.7) 0.226 0.893 – – –
1–3 days 58 (8) 666 (92) 0.005 0.945 1.018 0.62 1.67
4–7 days 48 (8.3) 530 (91.7) 0.155 0.694 1.111 0.657 1.88
Weekly exercise
Never 15 (11.5) 116 (88.5) 0.592 0.744 – – –
1–3 days 60 (9) 608 (91) 0.073 0.787 0.916 0.486 1.726
4–7 days 56 (6.9) 750 (93.1) 0.419 0.517 0.791 0.388 1.61
Sleep duration (h)
<8 115 (8.4) 1260 (91.6) – – – – –
≥8 16 (7) 214 (93) 0.875 0.35 0.769 0.443 1.334
Weekly vegetables/legumes consumption
Never 5 (20.8) 19 (79.2) 5.417 0.067 – – –
1–3 Weekly 27 (7.7) 325 (92.3) 4.864 0.027* 0.294 0.099 0.873
4–7 Weekly 99 (8.1) 1130 (91.9) 5.358 0.021* 0.292 0.103 0.828
HADS anxiety
Normal 69 (6.4) 1016 (93.6) 8.255 0.016* – – –
Borderline abnormal 39 (10.2) 342 (89.8) 3.686 0.05* 1.58 0.99 2.52
Abnormal 23 (16.5) 116 (83.5) 7.55 0.006* 2.41 1.287 4.514
HADS depression
Normal 75 (6.9) 1010 (93.1) 1.602 0.449 – – –
Borderline abnormal 42 (10.8) 348 (89.2) 1.541 0.214 1.337 0.845 2.114
Abnormal 14 (10.8) 116 (89.2) 0.065 0.798 1.096 0.541 2.221
Occupational stress – – 4.711 0.03* 1.056 1.005 1.109
CI, confidence interval; HADS, Hospital Anxiety and Depression Scale.
aLogistics’ soldiers other than sanitary staff.
*Pr0.05 represents the variables values related statistical significantly with IBS after regression analysis.
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personnel among studies could pleotropically affect the
prevalence of IBS (e.g. veterans who had actively fought in
a war [39] vs. peacetime soldiers of our study population
exercised regularly or different army Corps, for example,
land army in our case versus aviation, where noise from
airplanes was postulated to affect IBS development [8]).
IBS is known to have a highly variable prevalence affected
by many of the above-mentioned factors [8,10,60].
An impressive outcome of our survey was that our
soldiers did not seek a medical opinion on IBS symptoms.
Only 5% (n=7) received an official IBS diagnosis after
clinical examination. This observation was in line with our
experience and reflected the soldiers’ conception, which is
characterized by increased durability and dedication to
duty, thus inhibiting the evaluation of IBS effect on their
performance.
Contrary to our previous publication [5] on the general
Greek population, in this series, the most common subtype
of IBS was the IBS-M type, with a percentage of 54.2%.
Data from other military-orientated IBS studies do not
exist for direct comparison, whereas population-based
studies from different countries [61–64] reported only
contradictory results on the predominant subtype. This
paradoxical at first glance phenomenon is in consistency
with the Rome IV approach, where this classical subtyping
lost its previous importance as the four known subtypes
are no longer considered distinct disorders, but as a con-
tinuous spectrum of clinical features where the pre-
dominance of bowel habits during the time of disturbed
bowel movement along with pain could be expressed
variably in the same individual and may cause a switch or
overlapping of subtypes with related changes in stool habit
over time [40,54].
In terms of dietary factors and IBS, our findings indi-
cated that avoidance of vegetables and legumes was
associated with an increased risk for IBS development.
Relevant information could not be retrieved from the
existing military international IBS studies. Nevertheless,
several IBS-related publications focusing on general
population found opposite results [57,65–67].
By utilizing the HADS diagnostic tool for anxiety and
depression, our data indicated a positive relationship only
between both borderline abnormal and abnormal cases of
anxiety type and IBS. Depression could not be correlated
with the presence of IBS. Our results are in agreement with
other IBS studies of army participants in terms of anxiety
[8,9,37,39]. However, not all of the authors used a valid
questionnaire such as HADS to quantify the anxiety. It is
noteworthy that relevant studies on the general population
confirmed our results, namely that only anxiety, but not
depression, was associated with IBS [68,69].
Occupational stress is an innovative parameter, which
might contribute to the pathogenesis of IBS, albeit, to date,
it had never been tested in the military population.
Military environment is characterized by stressful condi-
tions by a combination of parameters such as a strict
Fig. 3. IBS prevalence graph in association with occupational stress scale
values. The grey line shows the tendency of IBS manifestation as the stress
score increases. IBS, irritable bowel syndrome.
Fig. 4. Odds ratios and confidence intervals of variable values that affect significantly (Pr 0.05) IBS development in Greek Army. HADS, Hospital Anxiety and
Depression Scale.
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hierarchy, unstable working schedule, residence instability,
and hard physical and psychological training [45,46].
Financial, working and productivity burden of IBS has
been established by several studies and could affect sol-
diers’ performance during operations [21,70–72]. Our
results showed a significant association between overall
occupational stress and IBS. Increasing scores predisposed
to a relatively higher occurrence of IBS for each added
point to the stress scale [odds ratio (OR): 1.056, con-
fidence interval: 1.005–1.109]. Despite the statistical sig-
nificance, the low OR cannot prove an etiological
relationship between occupational stress and IBS. This
could be explained by the fact that we calculated the ORs
considering occupational stress as a continuous variable
instead of an arbitrary partition of cases into ‘having’ and
‘not having’ occupational stress. The very few studies that
have investigated the impact of occupational stress on the
occurrence of IBS in special populations were among
firefighters of Korea [34] and a survey of nurses in the USA
[73]. The first study, which included a total of 1217 par-
ticipants, indicated that IBS-positive firefighters (diagnosed
on the basis of Rome III criteria) showed statistically sig-
nificant differences in occupational stress, generalized
stress, self-esteem, and quality of life scores compared with
the IBS negative ones. The latter study included 342 elec-
tronic questionnaires on occupational stress among nurses
and ways to reduce it. Participants had an occupational
stress median value equal to 4 (scale 0–5 with increasing
severity) and IBS was ranked as one of the most reported
comorbidities.
Specifically, the model used in our series showed a lin-
ear association between G–BA interactions and overall
occupational stress; a single unitary increased in occupa-
tional stress score multiplies the risk of IBS by 5.6%
(P=0.03). In this respect, the bi-directional G–BA inter-
actions appear to be involved in IBS pathophysiology
[74,75]. GI disorders including IBS are highly regulated by
the brain and the G–BA seems to play an important role in
the modulation of the GI immune system and mucosal
inflammation; in this sense, mucosal mast cells at the cel-
lular level and corticotropin-releasing factor at the mole-
cular level appear to play an essential role [75].
The strengths of this study are summarized as follows:
the study was population based and prospective, and had a
cautiously made plan with statistical power and multiple
parameters that enabled a reliable assessment of primary
effects, controlling for multiple confounders and explora-
tion of novel risk factors (primarily occupational stress).
Moreover, a very limited number of relevant papers exist
(especially using the new Rome IV diagnostic criteria). The
inclusion of a very homogeneous population with
national–racial consistency and the satisfactory sample of
participants for the Greek dynamics could be admeasured
to the positive components.
This series also had several limitations including the
absence of a standardized, validated occupational stress
scale adjusted for the active Greek military population.
The latter led us to utilize customization – composition of
questionnaires, which might have limited the objectivity of
the results. Moreover, the classification of IBS subtypes,
without the application of the Bristol stool scale, might be
not very accurate, the last of which was not feasible
because of the nature of survey. Furthermore, a limitation
of the study is that there was no clinical examination or
follow-up. In addition, as this was an epidemiological
study, we cannot deduce conclusions regarding an isolated
soldier, but can only describe population trends. Finally, it
should be emphasized that the results of our series reflect a
statistical association and do not suffice to prove a causal
link between IBS and the parameters investigated.
Conclusion
The results of this study are generally consistent with the
previous publications and support the hypothesis that IBS,
as a main representative of G–BA interactions, is triggered
by stressors and anxiety. Military personnel are clearly
exposed to such conditions and occupational stress is a
major factor associated with IBS. The global incidence of
IBS inside and outside of the military environment is high,
but a prompt diagnosis that requires a rather cost-effective
method would have a major positive impact on future
quality of life. Further large-scale epidemiological studies
are warranted to elucidate the pathogenesis and the
potential causative link.
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